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Summary
Objective: To determine whether assessments of patellofemoral (PF) joint space reliably predict the cartilage conditions in the PF joint of the
patients undergoing total knee arthroplasty (TKA) for advanced knee osteoarthritis.
Methods: Radiographic joint spaces and gross cartilage conditions in the PF joint were assessed in 151 osteoarthritic knees undergoing TKA.
Minimum joint space widths (MJSWs) in the medial and lateral compartments of the PF joint were measured separately on Merchant radio-
graphs. Degrees of joint space were graded as normal, narrowed and obliterated, and expected locations of signiﬁcant cartilage lesions were
classiﬁed as medial, lateral, and global. Cartilage lesions were grossly assessed in terms of their severity (depth and size) and location. Cross-
table analyses and kappa statistics were used to determine the level of agreements between radiographic and gross assessments and the
diagnostic accuracies of the radiographic assessments.
Results: The agreements between the radiographic assessments and the gross assessments on the lesion severities and locations were only
fair [kappa coefﬁcient (k)¼ 0.288 and 0.211, respectively]. The cross-table analyses demonstrated that 45 (47.4%) of 95 knees with a normal
radiographic joint space had moderate or severe cartilage degeneration of the PF joint identiﬁed with gross assessments. In the radiographic
assessments, the lateral compartment of the PF joint was the most frequent location of joint space narrowing (71.4%) whereas in the gross
assessments, the medial compartment of the PF joint was the most frequent location of signiﬁcant cartilage lesion (48.1%). Diagnostic accu-
racies on the lesion severities and locations were generally poor.
Conclusion: This study demonstrates that prediction of the cartilage conditions of the PF joint by the radiographic joint space can be
inaccurate.
ª 2008 Osteoarthritis Research Society International. Published by Elsevier Ltd. All rights reserved.
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Osteoarthritis in the knee joint is commonly encountered
and is responsible for a substantial portion of the disability
attributable to osteoarthritis1. In knee osteoarthritis, the pa-
tellofemoral (PF) joint is frequently found to be affected as
the disease process can involve all compartments of the
knee2e5. Recent studies have found that symptoms and
functional disabilities originating from the PF joint are similar
to those originating from the tibiofemoral (TF) joint, and
these studies emphasize the need for combined assess-
ments of the PF joint and TF joint when evaluating knee os-
teoarthritis5e7. Precise PF joint assessment is important
when selecting treatment options for patients suffering
from advanced knee osteoarthritis, particularly when the
surgeon involved is considering unicompartmental knee*Address correspondence and reprint requests to: Dr Tae Kyun
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1160arthroplasty or osteotomy8e13. However, despite the high
prevalence and the clinical implications of osteoarthritis in
the PF joint, few studies have elaborated on the proper as-
sessment of conditions of the PF joint in patients with ad-
vanced knee osteoarthritis14e18.
Although many diagnostic tools are available, e.g., com-
puterized tomography, magnetic resonance imaging, and
radioisotope studies, plain radiographs are frequently uti-
lized as a primary tool to evaluate conditions of the PF joint
for practical and economic reasons19. When assessing the
condition of a PF joint using plain radiographs, physicians
consider several radiographic factors, such as, the extent
of osteophyte formation, the presence of subluxation or dis-
location, the presence of bone destruction, and the extent of
joint space narrowing. Osteophyte formation is often re-
garded as an earliest sign of osteoarthritis and is used to
judge the presence of osteoarthritis in some classiﬁcation
systems20e22. Subluxation (or dislocation) and bone de-
struction in the PF joint are typically regarded as signs of
advanced osteoarthritis23. Moreover, joint space narrowing
extent has been suggested as a means of assessing the
degree of cartilage degeneration22,24e26. However, in our
previous study, we found that the presence of joint space
narrowing was not signiﬁcantly associated with PF
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dergoing total knee arthroplasty (TKA) for advanced osteo-
arthritis27. One possible explanation for the absence of
a signiﬁcant association between the presence of joint
space narrowing and symptoms is that radiographic
assessments of joint space width cannot predict PF joint
cartilage conditions adequately in advanced knee osteoar-
thritis. Thus, in the present study, we aimed to determine
how well assessments of joint space widths predict carti-
lage conditions of the PF joint in the patients undergoing
TKA for advanced knee osteoarthritis.Materials and methodsSELECTION OF STUDY SUBJECTSClinical database information and plain radiographs of knee joints were
evaluated for 121 consecutive patients (170 knees) that had undergone
TKA for advanced osteoarthritis between November 2003 and July 2004.
Nineteen knees (14 patients) with a diagnosis other than primary osteoarthri-
tis were excluded: 11 (seven patients) rheumatoid arthritis, four (three pa-
tients) post-traumatic arthritis, three (three patients) post-infectious arthritis,
and one knee with neuropathic arthropathy. Consequently, 151 osteoarthritic
knees (107 patients) were enrolled in this study. All patients underwent TKA
primarily for advanced TF osteoarthritis, and the knees had a wide range of
osteoarthritis severity in the PF joint. The study subjects had a mean age of
69.8 years (range, 53e83 years), a mean weight of 63.6 kg (range,
38e85 kg), and a mean height of 152.2 cm (range, 139e161 cm). Mean pa-
tient body mass index (BMI) was 27.4 kg/m2 (range, 18.9e35.4 kg/m2), and
104 patients (147 knees) were female. This study was approved by the insti-
tutional review board at our hospital and an informed consent for the use of
medical information was obtained from all patients.RADIOGRAPHIC ASSESSMENTS OF THE PF JOINTRadiographic assessments of the PF joint space were carried out using
axial radiographs (Merchant view) taken in the position of 45 knee ﬂexion28.
When taking the Merchant radiographs, a standardized protocol was ob-
served to minimize the variances in the qualities of radiographs. A leg posi-
tioning device equipped with an X-ray cassette holding slot was utilized to
keep uniform the angle and distances between the X-ray tube, the patella,Fig. 1. Illustrations showing the locations of PF cartilage lesions by radio
illustrations means a signiﬁcant cartilage lesion that was deﬁned as a full-
viations: L, lateral sideand the X-ray cassette. Magniﬁcation ratio was evaluated through a pilot
test using 10 knees. It was found to be approximately 1.1 and adjusted in
the measurements of the joint space widths. When radiographs were consid-
ered improper, repeat examinations were requested.
All radiographic images were digitally acquired through a picture archiving
and communication system (PACS), and assessments were performed sub-
sequently using PACS software (Impax: Agfa, Antwerp, Belgium). Three or-
thopedic surgeons (the authors) examined the radiographs independently
without any knowledge of patient information. To assess the degrees of ra-
diographic joint space and to determine the locations of signiﬁcant cartilage
lesions in the PF joint, minimum joint space widths (MJSWs) in the medial
and lateral compartments of the PF joint were measured separately from
the bright radio-dense band of subchondral cortex on the patella to the artic-
ular margin of the femoral cortex on the axial radiographs29. Joint space sta-
tus was graded as follows: (1) normal joint space e MJSW was 5 mm30, (2)
joint space narrowing e MJSW in any zone was between 1 and 5 mm, (3)
joint space obliteration e MJSW in any zone was <1 mm. Then, considering
MJSWs of the medial and lateral compartments on the Merchant radio-
graphs, radiographic locations of cartilage lesions were classiﬁed as: (1) me-
dial lesion (MJSW< 5 mm in the medial compartment and 5 mm in the
lateral compartment), (2) lateral lesion (MJSW< 5 mm in the lateral compart-
ment and 5 mm in the medial compartment), and (3) global lesion
(MJSW< 5 mm in both compartments) (Fig. 1).GROSS ASSESSMENTS OF PF ARTICULAR CARTILAGEGross assessments of patellar and trochlear articular cartilage were per-
formed using intraoperative photographs. Photographs were taken in the op-
erating theater whilst patellae were everted during standard medial
parapatellar arthrotomy. The angle of the camera was set perpendicularly
to the articular surfaces of the patella and femoral trochlea so that the artic-
ular surface could be visualized without image distortion. Blood or debris on
the articular surface was removed to improve visualization before taking pho-
tographs. The photographs were taken with two paper rulers placed perpen-
dicular to each other for the facilitation of size determination (Fig. 2).
Photographs were taken at least twice to ensure quality, and the same digital
camera (4.1 megapixel, Cybershot, Sony, Tokyo) was used to take all pho-
tographs at a resolution of 2400 1800 pixels by the same investigator, who
had been trained to take intraoperative photographs.
To determine overall grades of cartilage degeneration in PF joints, we ﬁrst
evaluated the conditions of patellar and trochlear articular cartilage separately
in terms of the depth and size of cartilage lesions. Cartilage lesion depths were
graded as follows: (1) normal e no visible defect or erosion on the cartilage
tissue of the articular surface; (2) partial thickness lesion e a lesion or erosion
on the cartilage tissue of the articular surface not reaching subchondral bone;graphic and gross assessments. The grey area in the gross ﬁnding
thickness lesion involving more than 50% of the index facet. Abbre-
; M, medial side.
Fig. 2. A sample photograph for the evaluation of the gross cartilage conditions of the patella and trochlea (upper part of the dotted lines). The
photographs were taken with two paper rulers placed perpendicular to each other for the facilitation of size determination.
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ticular surface that reaching or penetrating subchondral bone. Sizes of carti-
lage lesions were determined according to the proportion of total cartilage
surface occupied by the lesion, as follows: (1) less than 25%, (2) between
25 and 50%, (3) between 50 and 75%, and (4) more than 75%. When multiple
lesions were observed, they were summed for cartilage determination. Then,
based upon the depth and size assessments of the cartilage lesions in both
the patella and the trochlea, the gross severities of cartilage degeneration in
the PF joint were graded into three grades: (1) minimal, (2) moderate, or (3)
severe (Table I, Fig. 3). The grading system was purported to accommodate
the radiographic grading system for the joint space widths.
To determine the locations of cartilage lesions, we deﬁned a signiﬁcant
cartilage lesion as a full-thickness lesion involving more than 50% of the in-
dex facet. When considering the locations of signiﬁcant cartilage lesions in
the patellar and trochlear surfaces, we classiﬁed the locations of signiﬁcant
cartilage lesions in PF joints as follows: (1) medial lesion, (2) lateral lesion,
and (3) global lesion (Fig. 1).RELIABILITIES OF RADIOGRAPHIC AND GROSS
ASSESSMENTSIntra- and inter-observer agreements on severity grades and lesion loca-
tions according to radiographic and gross assessments were evaluated us-
ing kappa statistics. A kappa coefﬁcient (k) represents the percentage of
instances of agreement in excess of agreement expected by chance. TheTable I
Grading system of the overall severities of cartilage degeneration in
the PF joint
Grade Description of the grades
One side
(patella or trochlea)
The other side
Minimal
degeneration
Normal to PD involving
less than 25% of area
Normal to PD involving
less than 75% of area
PD involving between
25 and 50% of area
Normal to PD involving
less than 50% of area
FD involving less than
50% of area
Normal
Moderate
degeneration
Between minimal and severe degenerations
Severe
degeneration
FD involving between
25 and 50% of area
FD involving more than
75% of area
FD involving more than
50% of area
FD involving more than
50% of area
PD, partial thickness defect; FD, full thickness defect.following represents a typical interpretation of kappa values; 0.00e0.20,
poor agreement; 0.21e0.40, fair agreement; 0.41e0.60, moderate agree-
ment; 0.61e0.80, substantial agreement; and 0.81e1.00, almost perfect
agreement31. Both radiographic and gross assessments were repeated by
the same examiners after an interval of 3 weeks to determine the intra-ob-
server reliabilities of the assessments.
In general, intra-observer reliabilities were better than inter-observer reli-
abilities. For radiographic assessments, intra- and inter-observer agree-
ments on severity grades were substantial (average k¼ 0.68, range:
0.61e0.76) and moderate to substantial (average k¼ 0.62, range:
0.55e0.68), respectively. Levels of intra- and inter-observer agreements
on lesion locations were substantial (average k¼ 0.66, range: 0.60e0.75)
and moderate to substantial (average k¼ 0.60, range: 0.53e0.66), respec-
tively. For gross assessments, intra- and inter-observer agreements on se-
verity grades were substantial to almost perfect (average k¼ 0.72, range:
0.66e0.81) and substantial (average k¼ 0.66, range: 0.63e0.71), respec-
tively. Intra- and inter-observer agreements on lesion locations were sub-
stantial (average k¼ 0.68, range: 0.63e0.74) and moderate to substantial
(average k¼ 0.64, range: 0.59e0.70), respectively.STATISTICAL ANALYSISThe agreements between the radiographic assessments and the gross
assessments on the lesion severities and locations were examined by the
kappa statistics and cross-table analysis. Diagnostic values of the radio-
graphic assessments for the lesion severities and lesion locations were de-
termined with the gross assessments of the cartilage conditions deﬁned as
the standard. The diagnostic values were indicated by the sensitivity, spec-
iﬁcity, positive predictive value, negative predictive value, and the diagnostic
accuracy. In the analyses, the results of the session with a higher inter-
observer reliability were used. Then, among the results by three observers,
the results which were agreed by more than two observers were used. In the
case of disagreement, the results of the other session (with lower inter-ob-
server reliability) were used. Statistical analyses were conducted using
SPSS for Windows (version 12.0; SPSS, Chicago, IL, USA).Results
The agreement between degrees of radiographic joint
space widths and gross severities of cartilage degeneration
was only fair (k¼ 0.288). In the cross-table analyses be-
tween the degree of radiographic joint space widths and
overall cartilage lesion severity, all seven knees with radio-
graphic joint space obliteration had severe cartilage degen-
eration (Table II, Fig. 4). In contrast, 45 (47.4%) of the 95
knees with a normal radiographic joint space had moderate
or severe cartilage degeneration. The diagnostic accuracy
of the radiographic assessments on the lesion severity
Fig. 3. Photographs showing a typical sample for the three grades of cartilage lesions by the gross assessments. (A) minimal lesion, (B)
moderate lesion, (C) severe lesion.
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Table II
Results of the cross-table analyses between the radiographic lesion
severities and the gross lesion severities
Radiographic
joint space
Gross severity of cartilage degeneration*
Minimal
(n¼ 60)
Moderate
(n¼ 69)
Severe
(n¼ 22)
Normal
[n¼ 95 (100%)]
50 (52.6%) 39 (41.1%) 6 (6.3%)
Narrowing
[n¼ 49 (100%)]
10 (20.4%) 30 (61.2%) 9 (18.4%)
Obliteration
[n¼ 7 (100%)]
0 (0.0%) 0 (0.0%) 7 (100.0%)
*The numbers of cases where radiographic severities of cartilage
degeneration concur with gross severities of cartilage degeneration
are shown in bold. The k for the level of agreement between a radio-
graphic location and a gross location was 0.288, which represented
fair agreement.
Table III
Diagnostic values of the radiographic assessments of the joint
space widths for the evaluations of the cartilage conditions*
Parameter Severity of cartilage degeneration
Minimal
(n¼ 60)
Moderate
(n¼ 69)
Severe
(n¼ 22)
Sensitivity 83.3 43.5 31.8
Speciﬁcity 50.5 76.8 100
Positive predictive value 52.6 61.2 100
Negative predictive value 82.1 61.8 89.6
Diagnostic accuracy 63.6 61.6 90.1
*The presented data (percent) were calculated from the 2 2
tables for which one condition was counted as the positive group
and the other two conditions were combined and counted as the
negative group.
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particularly for the moderate severity which was the most
frequent condition (45.7%, 69/151). The overall diagnostic
accuracy was relatively good (90.1%) for the severe grade,
but the sensitivity was only 31.8%.
The agreement between lesion locations by the radio-
graphic assessments and the lesion locations by the gross
assessments was also only fair (k¼ 0.211). In the radio-
graphic assessments, the lateral compartment of the PF
joint was the most frequent location of signiﬁcant cartilage
lesions [lateral¼ 71.4% (40/56), medial¼ 21.4% (12/56),
and global¼ 7.1% (4/56)] (Table IV, Fig. 5). In contrast, in
the gross assessments, the medial compartment of the
PF joint was the most frequent location [medial¼ 48.1%
(39/81), lateral¼ 13.6% (11/81), and global¼ 38.3% (31/
81)]. The diagnostic accuracy of the radiographic assess-
ments on the lesion location was generally poor (Table V).
The global lesions showed relatively better overall
diagnostic accuracy (82.1 vs 74.2% and 75.5%), but its
sensitivity was extremely poor (12.9%). The medial le-
sions displayed a poor sensitivity (15.4%) and the lateral
lesions showed a poor positive predictive value (17.5%).Discussion
Radiographic assessments of cartilage condition of the
PF joint in patients with advanced knee osteoarthritis playFig. 4. A ﬂow diagram showing the sample selection for the determan important role in practice, because plain radiography is
normally the ﬁrst modality used to obtain some clues con-
cerning the cause of symptoms or to identify a speciﬁc car-
tilage condition before proceeding with a surgical option,
such as, high tibial osteotomy or unicompartmental knee ar-
throplasty. In our previous study, it was found that radio-
graphic assessment by plain radiography is limited in
explaining the symptoms and functional disabilities related
to the PF joint27. The present study provides enlightening
information as to why radiographic assessments of PF
joints using plain radiographs are inherently limited. This
study shows that radiographic cartilage lesion severities
and locations do not correlate well with actual severity
and location as determined by gross assessment.
When interpreting our ﬁndings, two aspects of this study
should be considered. First, as the radiographs are a two di-
mensional super-imposition of a three dimensional shape,
radiographic evaluation of the knee joint has fundamental
limitations in the reﬂection of the actual condition of the joint.
The inherent limitations in the radiographic evaluation are
more immense for the PF joint which has a complex three
dimensional structure. One possible option to overcome
the limitations would be the use of multiple radiographs in-
cluding the axial and lateral views. However, we utilized
only the axial view for the radiographic assessments.
Before we ﬁnalized our study design, we had performed
the radiographic joint space assessments on the lateral ra-
diographs to ﬁnd that the lateral views did not provide addi-
tional information (data not presented). Many previousination of the diagnostic accuracies on the lesion severities.
Table IV
Results of the cross-table analyses between the radiographic lesion
locations and the gross lesion locations
Radiographic
location
Gross location of cartilage lesion*
No signiﬁcant
lesion
[n¼ 70
(100%)]
Medial
[n¼ 39
(100%)]
Lateral
[n¼ 11
(100%)]
Global
[n¼ 31
(100%)]
No signiﬁcant
lesion (n¼ 95)
55 (78.6%) 26 (66.7%) 4 (36.4%) 10 (32.3%)
Medial (n¼ 12) 3 (4.3%) 6 (15.4%) 0 (0.0%) 3 (9.7%)
Lateral (n¼ 40) 12 (17.1%) 7 (17.9%) 7 (63.6%) 14 (45.2%)
Global (n¼ 4) 0 (0.0%) 0 (0.0%) 0 (0.0%) 4 (12.9%)
*The numbers of cases where radiographic locations coincided
with gross locations are shown in bold. The k for the level of agree-
ment between a radiographic location and a gross location was
0.211, which represented fair agreement.
1165Osteoarthritis and Cartilage Vol. 16, No. 10studies have documented that the axial views are more ad-
equate for the radiographic assessments of the PF joint
conditions than the lateral views19,20,24,26. However, the
use of Merchant view is not immune to the inherent limita-
tions of imaging studies. Joint space widths on Merchant
view can be inﬂuenced by many factors including the
knee position, the distance and position of the ﬁlm cassette,
and the magniﬁcation. We endeavored to minimize the var-
iances in the quality of the axial views by the use of the leg
positioning device and the standardized protocol. If a radio-
graph was judged to be of poor quality, repeated examina-
tions were requested until the radiograph with a good
quality was obtained.
Second, to grossly assess cartilage conditions, we used
photographs taken intraoperatively, which made it possible
to test intra- and inter-observer reliabilities for the gross
assessment of cartilage condition. However, the photo-
graphic images used may not have fully reﬂected cartilage
status had they been assessed in the operating theater.
To minimize the limitations associated with using these
photographs, we adopted the following precautions. All
photographs were taken by a single assistant who had
been trained and had experience of taking intraoperative
photographs for 12 months at the time when present
study started. All photographs were taken twice and betterFig. 5. A ﬂow diagram showing the sample selection for the determphotographs were used for assessments. Lesions were di-
vided by depth into three groups, which could be deter-
mined without tactile feedback, and lesion sizes were
assessed by quartiles vs whole patellae. Our previous study
found that agreements between intraoperative and photo-
graphic assessments were substantial to almost perfect
(average k¼ 0.76, 0.82)32.
Our ﬁndings of the only fair agreements between the ra-
diographic and gross assessments and the poor diagnostic
accuracies on the lesion severities and locations question
the role of radiographic assessments for predicting cartilage
conditions in patients with advanced osteoarthritis. Of the
95 knees with a normal radiographic joint space, 45
(47.4%) had moderate or severe cartilage degeneration,
and of the 91 knees with signiﬁcant cartilage lesions, only
45 (50.5%) were graded as having a radiographic joint
space narrowing or obliteration. The sensitivity of the radio-
graphic assessments was only 43.5% for the moderate le-
sions and 31.8% for the severe lesions, which may
contradict the practical values in a clinic. However, our ﬁnd-
ing that all seven knees with radiographic joint space oblit-
eration had the severe cartilage lesions (i.e., positive
predictive value of 100%) suggests that the radiographic as-
sessments can provide an evident clue about the cartilage
conditions of the PF joint in a certain subgroup of patients.
This appreciation of its value is supported by our previous
study which reported a signiﬁcant association between the
presence of complete joint space obliteration and PF joint
symptom severity27.
An interesting ﬁnding in this study was discrepancy of the
lesion location between the radiographs and the gross eval-
uation. In theory, varus TF deformity decreases the Q-an-
gle, which can decrease the laterally directing force and
increase the medially directed force by the quadriceps ex-
tensor mechanism. Therefore, the varus TF deformity may
results in more damage to the medial compartment of the
PF joint and the valgus deformity does so the lateral com-
partment33. In our subjects, the mean TF angle was varus
3.4 and most knees (94%) had a varus TF deformity
(less than 4 of the TF angle) (data not presented). In the
gross assessments, the medial compartment of the PF joint
was the most frequent location (48.1%) (Table IV), which
was in concordance with the ﬁnding in the TF alignment.
However, in the radiographic assessments, the lateral com-
partment of the PF joint was the most frequent location ofination of the diagnostic accuracies on the lesion locations.
Table V
Diagnostic values of the radiographic assessments of the joint
space widths for the evaluations of the lesion locations*
Parameter Lesion location
Medial
(n¼ 39)
Lateral
(n¼ 11)
Global
(n¼ 31)
Sensitivity 15.4 63.6 12.9
Speciﬁcity 94.6 76.4 100
Positive predictive value 50.0 17.5 100
Negative predictive value 76.3 96.4 81.6
Diagnostic accuracy 74.2 75.5 82.1
*The presented data (percent) were calculated from the 2 2
tables for which one condition was counted as the positive group
and the other two conditions were combined and counted as the
negative group.
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gests that in advanced osteoarthritic knees, the radio-
graphic ﬁndings on the axial views are determined not
simply by the cartilage conditions or the TF alignment but
inﬂuenced by other multiple factors.
This study demonstrates that the radiographic severity
and location of cartilage lesions in knees with advanced os-
teoarthritis do not correlate well with real lesion severity and
location. We found that the presence of complete joint
space obliteration was highly predictive of the presence of
a severe cartilage lesion, but the presence of a normal joint
space did not exclude the possibility of having a signiﬁcant
cartilage lesion. We also found that predictions of the lesion
locations based upon the radiographic assessment could
be erroneous. These ﬁndings should be considered when
the results of radiographic assessments are being consid-
ered for patient consultation or for selecting a treatment op-
tion and more accurate diagnostic modalities would be
warranted if detailed information of the cartilage conditions
of the PF joint is required.Conﬂict of interest
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